A series of neurosurgical patients were examined on admission to hospital and arterial blood was taken for estimation of blood-gases. Hypoxaemia and hypocapnia were frequent findings. The clinical features associated with these findings were analyzed. Hypoxaemia was related to the degree of respiratory abnormality found, the respiratory rate and the age of the patient. A formula has been derived to help predict the arterial Po 3 from the clinical status. A comparison of this formula with more conventional methods of assessing hypoxaemia is made and the therapeutic implications discussed.
A series of neurosurgical patients were examined on admission to hospital and arterial blood was taken for estimation of blood-gases. Hypoxaemia and hypocapnia were frequent findings. The clinical features associated with these findings were analyzed. Hypoxaemia was related to the degree of respiratory abnormality found, the respiratory rate and the age of the patient. A formula has been derived to help predict the arterial Po 3 from the clinical status. A comparison of this formula with more conventional methods of assessing hypoxaemia is made and the therapeutic implications discussed.
The initial examination of the unconscious patient includes assessment of his respiratory status. This is often difficult as the patient is unable to cooperate and the examination is reduced to a fairly crude form. Even so difference of opinion will exist between the most experienced workers on such basic issues as the adequacy of ventilation and oxygenation. It is well known, for example, how fraught with inaccuracy is the assessment of cyanosis (Kelman and Nunn, 1966) . The use of electrodes for the determination of the bloodgases and pH* (Severinghaus and Bradley, 1958) has given greater precision to the diagnosis of disturbed respiratory physiology. However, little use has been made of these methods in the unconscious neurosurgical patient (Froman, 1968; Naeraa, 1963) . For this reason and because oxygen therapy is frequently a rather haphazard affair in these patients, a study was undertaken to observe the blood-gas and rlin'cri changes occurring in a series of unconscious patients on their admission to hospital. An attempt was made to correlate the clinical and blood-gas changes, and a prediction formula for arterial Po a was calculated from which it is possible to predict, with reasonable accuracy, the patient's Pao 2 from his clinical status.
MATERIAL AND METHODS
All the patients were admitted to the Atkinson Morley Hospital, having been referred there from other hospitals at varying periods of time after the start of thfir unconscious state. It is apparent, therefore, that the condition of these patients was not identical with that of patients admitted from home and elsewhere, as they will have already received medical attention. Table I shows diagnostic details of the 78 patients included in the investigation. No selection was employed, the majority of unconscious patients admitted over a period of 8 months being seen. The patient was seen by the author within half an hour of admission and the clinical assessment made then. At the same time a sample of arterial blood was taken from the radial or femoral artery whilst breathing air. The deadspace of the syringe was filled with heparin and after sampling it was capped and stored in iced water until analysis in duplicate (usually within half an hour) (Nunn, 1962) . pH and Po 3 were measured at 37.5°C on the EIL electrodes and Pco, at 37.5 °C on the Severinghaus Pco, electrode. Temperature corrections were made to the patient's axillary temperature by the Severinghaus blood-gas calculator (Severinghaus, 1966) and this slide rule was also used for determination of base excess, standard bicarbonate and oxygen saturation. Haemoglobin was determined in each case.
The clinical assessment was deliberately kept simple. It included such basic observations as temperature, pulse rate, blood pressure, respiration rate. Cyanosis was assessed with the light available, in the mucous membranes of the mouth or at the fingertips if the hands were warm. It was recorded as either present or absent. The depth of respiration was divided into deep, normal or shallow by clinical impression. Cheyne-Stokes respiration was regarded as a separate category.
Conscious level.
Each patient was placed in one of two groups. Group O-drowsy group. These patients ranged from those who were only very slightly drowsy to those in whom only painful stimuli could arouse them. Group I-these patients were unconscious and they ranged from those in whom painful stimulus caused limb flexion, grimacing and groaning but who could not respond to command, to those in whom painful stimulus produced no reaction. The length of time the patient had been unconscious was recorded and also whether or not a patient now in group O had been more deeply unconscious before was gathered from the referring hospital's letter or notes.
Respiratory involvement.
Patients were divided into three categories according to the degree of respiratory involvement. In group O there was no abnormality on physical examination. In group I ninor changes were observed. These included added sounds such as crepitations and rhonchi which were confined to small areas of the chest, there being no abnormalities to percussion. Chest movement is unreliable in die unconscious patient and was not used in assessment. In group II patients had gross pulmonary lesions. These were detected clinically by the presence of extensive areas of added sounds widi altered breath sounds and an abnormal percussion note. Care was taken to make sure die upper respiratory passages were free of secretions so that confusion did not arise during auscultation between upper and lower respiratory noise.
Analysis of results.
The results were analyzed for statistical significance using multiple regression analysis. Nonnumerical observations were given a numerical rating, e.g. chest group O (0), I (I), H (H). The variables were analyzed for correlation with one another and means and standard deviations calculated for each numerical group. Certain observations were taken as dependent variables and a formula elaborated to estimate that variable with respect to the remaining independent variables. Table II shows details of the individual numerical variables for the whole group. Table HI indicates the numbers of patients falling into die nonnumerical groups. Table IV compares the results from a group of normal supine patients with the results from the total abnormal group. V .) The Pao, was lower when respiratory complications occurred (r= -0.456), with increasing respiration rate (r= -0.313) and age (r= -0.276). It was unaffected by the conscious level, whether the patient had been more deeply unconscious before, or by the duration of unconsciousness. Oxygen saturation was also correlated with the chest group and respiration rate but not with age. In addition oxygen saturation fell as the conscious level deepened (r=-0.231). The presence or absence of cyanosis did not provide a reliable index of arterial oxygenation under these conditions (r= -0.21 for Pa 02 , r= -0.09 for O a saturation).
RESULTS
A formula was derived for the estimation of the Pao a from the clinical variables. In a slightly simplified version:
Pa 02 = 100-7 (chest group O, I or II). The mean Pa^oj for the whole group was 34.6 mm Hg. In no case was the Pco 3 above normal (i.e. >44 mm Hg). (Mean Paco 2 for the normal volunteers was 37 mm Hg.) Forty-nine (63 per cent) of the patients had a below-normal Paoo» «36 mm Hg) and 13 (17 per cent) had a PcO;, below 30 mm Hg. Paoo, correlated significantly with the chest group (r= -0.247) the respiration rate (r=-0.401) and the depth of respiration (r=-0.284). There was a positive correlation with the packed cell volume (r= +0.284).
Acid-base results.
pH usually reflected the alterations in PaooaConsequently the mean pH for the group was slightly raised (7.447). (Mean pH for the normal group was 7.420.) There was little disturbance of the metabolic side of the acid-base balance, mean base excess for the group being +0.5 m.equiv/1. and the mean standard bicarbonate being 25 m.equiv/1. Base excess and bicarbonate correlated positively with the systolic (r=+0.328) and diastolic blood pressures (r= +0.222). Clinical details. Conscious level. Forty-three patients were classified as being in the "drowsy" group (O) the remainder being unconscious (group I). The latter group had higher temperatures and pulse rates. They suffered more respiratory complications, with increased rate and depth of respiration, and more frequent occurrence of Cheyne-Stokes respiration. They were also in a younger age group. Although oxygen saturation was significantly less in this group, Pao 3 and Pco 3 levels were not significantly different from the drowsy group (table  VI) . Acid-base values were not different in the two groups.
Results for
Respiratory complications, as already stated, were more frequent in the unconscious group. There was no relation with the duration of the unconscious state or with cyanosis. The Paco, was lower with increasing respiratory involvement (table VTI) .
Blood pressure. Both systolic and diastolic pressures correlated significantly positively with the age, the presence of cyanosis and with the base excess and packed cell volume.
DISCUSSION
These results are in general agreement with those of Naeraa (1963) and Froman (1968) who also found the combination of hypoxaemia and hypocapnia to be common and the occurrence of hypercapnia unusual. It should be emphasized that this series of patients represents the intake of a neurosurgical hospital and the results do not necessarily apply to unconscious admissions to a general hospital. Other causes of coma, e.g. poisoning, may present a different picture. Hypercapnia from alveolar hypoventdlation would be more common (Froman, 1968; Kirby and McNicol, 1966) . The bulk of the patients (54) fall into three diagnostic categories, viz. cerebrovascular accidents, head injuries and subarachnoid haemorrhage, which occur commonly enough in non-neurosurgical practice to make these observations of more general interest. On the other hand, these patients had all received medical attention prior to their examination and this will have influenced the picture.
Despite this, hypoxaemia was found to be common (73 per cent) and severe hypoxaemia (Pao3<60 mm Hg) occurred in 20 per cent. The clinical assessment of cyanosis was unhelpful in detecting hypoxaemia. The lighting arrangements were not optimal for colour assessment but even when they are it is clear that the clinical assessment of cyanosis is an uncertain indicator of arterial hypoxaemia (Kelman and Nunn, 1966 ).
An attempt was made to improve the accuracy of clinical observation by finding those factors which correlated with the Pao,. Three, viz. the chest group, the age and respiration rate, were found. A formula was evolved to predict the Pao u and is easy to remember and solve in one's head. Overall, in only one instance did the predicted value for Pao, fall in the normal range (>80 mm Hg) when the actual Pao a was below normal (Case 16, predicted 84 mm Hg, actual 77.5 mm Hg). On the other hand, in 13 instances (17 per cent) when the measured Pao a was in the normal range the predicted value fell below normal. There was a tendency for the formula to overestimate the Pao 3 (40 overestimates to 32 underestimates with 6 predictions exactly correct). However, in 54 cases (70 per cent) the error was less than 10 mm Hg. In the 24 cases (30 per cent) where prediction was more than 10 mm Hg out there were 11 cases in whom the estimated Pao, was above 60 mm Hg and the actual Pao a was less than 60 mm Hg. In these instances where oxygen therapy is likely to be of benefit, serious error could be introduced by a reliance on the formula. This overestimate of the Pao 3 was contributed to by the low age in 5 of the patients, and the failure to detect any clinical abnormality of the respiratory system in 3 others; in the remaining 3 no obvious discrepancy could be found.
It is difficult to make comparisons of this formula with other clinical means of diagnosing hypoxaemia. Kelman and Nunn (1966) and Morgan-Hughes and Bartlett (1968) have given estimates of the accuracy with which hypoxaemia may be diagnosed. In the former paper it was stated that "under suitable lighting conditions it is possible for the average observer to detect arterial hypoxaemia in 97.5 per cent cases at a saturation of about 90 per cent by clinical observation of the mucous membranes". The latter authors used the colour of blood in syringes as their measure of hypoxaemia and found that below 85 per cent saturation, desaturation was always diagnosed, between 85 and 94 per cent there was 75 per cent diagnosis of desaturation and over 94 per cent, 5 per cent diagnosed desaturation. In the present series the patients were divided into groups according to their saturation and the predicted Pao a then found for each group. First, for comparison with Kelman and Nunn, two saturation groups were found, above and below 90 per cent saturation. In none of the cases below 90 per cent was the predicted Pao 3 normal. In fact when the 85-94 per cent group of Morgan-Hughes and Bartlett was analyzed, in none of these did the predicted Pao, fall in the normal range. Below a saturation of 95 per cent (54 per cent of cases) the formula predicted an abnormal Pao 3 in every instance. Over 94 per cent saturation the formula predicted 78 per cent to be hypoxaemic whereas in fact only 59 per cent were. However, although it overestimates the numbers involved it does show how many patients are hypoxaemic in this range of saturation, all but 5 per cent of whom would be missed by looking at syringes of blood. Over all, the formula appears to predict arterial hypoxaemia with greater certainty than do the other methods and helps to emphasize those factors most likely to be associated with hypoxaemia.
Other factors which might have been expected to influence the Pao,, such as deepening coma and prolonged unconsciousness, did not The former correlated with the arterial oxygen saturation which was lower in the comatose group. This could be explained if a more acidotic state was associated with coma, shifting the haemoglobin desaturation curved for oxygen to the right, giving lower saturations for the same Pao,. In fact no significant correlation between conscious level and base deficit or pH was found although a combination of the two factors was probably responsible for the observations.
Prolonged disturbance of consciousness might be expected to be associated with an increase in respiratory complications and thus with hypoxaemia. However, in this series those patients falling into this group mosdy came under die drowsy category and so were not subject to much respiratory upset.
The mechanism of production of hypoxaemia is probably disturbed ventilation perfusion relationships (Froman, 1968) . Alveolar hypoventilation did not contribute. Inhalation of secretions and gastric contents will lead to patchy collapse and the supine position is also known to be responsible for atelectasis. In a small series of 15 conscious patients in bed without obvious respiratory involvement mean Pao, was 81 mm Hg which is significandy lower (P<0.02) than die group of normals who were up and about when their Pao, was measured (vide supra) (table V). This confirms that adoption of the supine position may be associated widi a lowering of the Pa 03 .
Arterial Pco 3 was frequendy reduced in these patients (63 per cent < 36 mm Hg) but in no case was it raised. This is perhaps surprising in view of the widespread impression diat alveolar hypoventilation is common in neurosurgical patients. The absence of hypercapnia was not only a feature of patients on admission but also of their subsequent course. This is in disagreement widi Froman (1968) who found a tendency for hypercapnia to develop during the second week in a certain proportion of his patients.
It has been suggested that increased acidity in tie cerebrospinal fluid as a result of subarachnoid haemorrhage may be responsible for the alveolar hyperventilation seen (Froman and Crampton Smidi, 1967) . However, more recently in a larger series of cases this suggestion has not been confirmed (Posner, Plum and Shapiro, 1968) . Increased hydrogen ion concentration may also result from increased lactate production by die brain resulting from the injury (Gordon and Rossanda, 1968) . Direct injury to the areas controlling ventilation seems the most likely explanation to date (Plum and Swanson, 1959) .
The lack of change in the metabolic aspects of acid-base balance is a reflection both of the short duration (mean 4.3 days) of altered consciousness and of the adequacy of parenteral and oral feeding. Metabolic upsets of acid-base balance were not usually a feature of the subsequent stay in hospital. This agrees with the findings of Froman (1968) .
Some comment is appropriate on a number of statistically significant correlations which were found. Systolic and diastolic blood pressure correlated significandy with age, presence of cyanosis and the packed cell volume. Increasing age is well known to be accompanied by a rise in the blood pressure. It is tempting to suggest that the positive correlation between blood pressure and base excess is due to better tissue perfusion. However, the correlation between packed cell volume and cyanosis, and packed cell volume and Paoo, is difficult to explain.
